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[57] Abstract: 

PURPOSE: To provide a new DNA useful for the production of L- lysine. 
CONSTITUTION: A gene DNA coding an aspartokinase (E.C2.7. 2.4.) originated 
from coryneform group of bacteria, e.g. a gene DNA coding the aspartokinase 
expressed by the DNA base sequence of formula. It can be produced by cloning a 
microbial strain capable of producing aspartokinase.COPYRIGHT: (C)1993,JPO&Japio 
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(54) [&BJJ<7>£fr] e$3^K^^iife^DNAXlf4e<?>fW 
(57) [3?ifcJ 

W&L] ynf/^f!)!)A • 77^MJ-2 3 3 

D n a Lfc 3 y *Sftlffirt-ca«<iSi«rfii/jr^7 



lftf6*5$#<D8S18J] ys<>J* (Brevibacteriura flavum) MJ 2 3 3-Cifo-528 

(E.C. 2. 7. 2. 4.) &3-K-*-*fflfc*DNA. [^^3] fc?>DN Ai&g&FJ 

GTGGCCCTGG TCGTACAGAA ATATGGCGGT TCCTCGCT7G AGAGTGCGGA ACGCATTAGA 60 
AACGTCGCTG AACGGATCCT TGCCACCAAG AAGGCTGGAA ATAATCTCGT CGT7GTCTGC 120 
TCCGCAATGG GAGACACCAC GGATGAGCTT CTACAACTTC CTCCCCCACr GAATCCOGTT 180 
CCGCCAGCTC GTGAAATGGA TATGCTOCTG ACTGCTGCTG AGCGTATTTC TAACGCTCTC 240 
GTCGCCATGG CTATTGAGTC CCTCGGTCCA CAGGCTCAAT CTTTCACGGG TTCTCAGGCT 300 
GGTGTGCTCA CCACCGAGOG TCACGGAAAC GCACGCATTG TTGA7GTCAC 7CCAGGT0GT 360 
GTGCGTGAAG CACTCGATGA GGGCAAGATC TGCATTGTTG CTGGTTTCCA GCGTGTCAAT 420 
AAGGAAACCC GCCATGTCAC CACGTTGCCT CGOGCTCCn CTCATACCAC TCCAGTTGCA 480 
TTGGCAGCTC CTCTGAACGC TCATGTGTGT GAGATTTACT CAGATCTTGA CGGCGTGTAC 540 
ACCGCTGACC CGCGCATOGT TCCTAATGCT CAGAACCTGG AAAACCTCAG CTTCCAAGAA 600 
ATGCTGGAAC TTGCTGCTGT TGGCTOCAAG ATTTTCGTGC TACGCAGTCT TCAATAOGCT 660 
CGTGCATTCA ATGTGCCACT TCGCGTACGC TOGTCTTATA GCAATGATOC CGGCACTTTG 720 
ATTGCCGGCT CTATGGAGCA TATTOC7CTG GAAGAAGCAG TCCTTACCGG TGTCGCAACC 780 
GACAAGTCCG AAGCCAAAGT AACOCTTCTG GGTATTTCCG ATAAGCCAGG CGAGGCTGCG 840 
AACGTTTTOC CTGCGT7GGC TGATGCAGAA ATCAACATTG ACATGCTTCT GCAGAACGTC 900 
TCC7CTGT0G AAGACGGCAC CACCGACATC ACCTTCACCT GCCCTCGCTC TGACGGACGC 960 
CGTGCGATGG AGATCTTGAA GAAGCTTCAG GTTCAGGGCA ACTGGACCAA TGTGCTTTAC 1020 
GACCACCAGC TCGGCAAAGT CTCCCTCGTG GGTGCGGGCA TGAAGTCTCA CCCAGGTGTT 1080 
ACCCCAGAGT TCATGGAAGC TCTGCGCGAT GTCAACGTGA ACATCGAATT GATTTOCACC H40 
TCTCACATCC GCATTTCCGT GCTGATCCGT GAAGATGATC TGGATGCTGC TGCACGTGCA 1200 
CTGCATCAGC AGTTCCAGCT GGGCCCCGAA GACGAAGCCG TCGTTTATGC ACGCACCGGA 1260 

1263 

£±$tft L&zzt ti-z L-y isw&mm. 
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CGC 

■C/T$il6r^A>h^t-f (E.C- 2. 7. 2. 4.) 
[Sft*£4] 

Ut2 J *C^$ti6T^^/P h M (E.C. 2.7. 

2.4.) Sr^-K-TSiia^DNA. 



(E. C. 2. 7. 2. 4. ) &*-V-rZ>mfc*%:$tf=>l) 

[0002] L-y^yn, $mr z;mtvx§t&'S 

10 0 0 3] 

mxv&m l - y ^><oxm^mmmt it 

5 1 -2 1 0 7 8^£tfft, 4&&B85 3 - 1 8 3 3^ 
fi. 4fr£ffg6 2-8 6 9 2^$fi9#RB] «, *a& 
x.a«rfflv^cS45g&t>^36^^X^6 [#08885 6-1 
609 9 7^i 4 #0|Bg6 0-6 29 94%^, 4$ 
B8Bg6 2-7 9 7 8 8 „ L;&>Lft#t>. 

jxtv^^^jc <t 6 l - y *s xommmx 

[0004] (E. C. 2. 7. 

2. 4.) K-T LTtt. yt7 • 

=J y (Escherichia coli) &&<D&{K I f- [Journal of B 
iologicaJ Chemistry, 2 5 6 , pi 0228 — pi 0 
2 3 0, 1 9 8 l&mi #J;<W?e£iVCV>S 0 

j>mmBm&*L<DT *s</i> (e.c. 2. 

7.2.4.) tLXits 'if-J^X ■ IfT'A'X (Bacillus 
subtilis) , 3^/^f!)^-^$*A (Cory 
neform glutamicum) S?riS*a6ix*t [journal of Bi 
ological Chemistry, 2 6 2 , p 8 7 8 7-p879 
8, 1 9 8 7; Molecular Microbiology, _5, p 1 1 9 
7-pl 204, I99 1#i] e UU^C), ^1/ 
\f'<9y- y • 7 7/<J* (Brevi bacterium flavum) 
&&<DT*'</lsh**r— tf (E. C. 2. 7. 2. 4.) 

[0 0 0 5] 

*mimw&&<o7xs</vy*->—' e (e.c. 2.7.2. 

4.) &3-K-rs«&?-£#BtU &ififc^£PMT- 

«ft:«e«A4^&9MBMilc L - y s^fcMfrr a zkxt> 
£ Q 

[0006] 



[ooo7)k vxx&mic Ztltt. 

( 1 ) zi y^^jBf S^j^a'/U h3r-J-—- tf£=i— 
Ki" *aS<5^DNA ; 

(2) ^jg^DNA^A^n^ite^x^^^ 
K; 

(3) Wiftx^y^^ K-C^lft^fc^DM 
; RXI 

(4) »»K«slftSHfc3y*ffljWSI^fflt\ ^3 

zmmt lt l — y ^>**iai-5*«fe 

[0 0 0 8] WT, *»Wfcol^TSb«c»IBlcK9i+ 

[0009] *&m<n trx'^h^-r— vz^-v-t 
sS^fDNAj L-r^7^>g?«ry >K$r 

ttA)1-£§*$« tto*>r^>h^f (E.C. 
2.7.2.4.) £=»-K-r6«fc*DNA£g&-t6t> 

[0010] r^F*t- K-t-ase-?-* 

SODNAfcrtf (EXT. ^*x$r fAWr^j ^rl&^t^r 

t#*>z>) i* % *<D&mm?w&:mi!tiit&\z.%>^xtt 

*±m&&£^b? * 
<Dmmmkttzi6i2itob\,xttL. mcy 

y £A - 77M (Brevi bacterium flavu 
m)MJ233 (FERM BP-1 4 9 7) :fcJ;t/*(0 

[0 0 11] rttbO«»««t»A»bA»f«-*:a«+ 
6 itb<Dm*to®tt<D--m&ft'<ti& ifco £ & *> xh 

y £A • 7 7^MJ-2 33 (FERM BP - 1 4 

97) j*o&£#±k#&u znvk&tt&m^ttmm 
mm vm wr-r 6 c t k * 0 a ^jwwk- © * t>* b #t 

[0 0 1 2 j 9t-r. zf\s*/<9T x )yj± • 77/^AMj 

-2 3 3»CD^^P>Sfefe{f:DNA$r^tb-r6 e :0 
M^DN A&a3&SfRfi**. Wx.«E c o R I «rffl 

[0 0 13] ^bH^DNA^iSr^n-.^^^^^ 
^tf P HSG3 99 &m&W) iC^fAL. :<D 

1t*mm (^>x!)t7- a9) $i«cCGSC507 

4 [x->xyt7^y ^^^y^ .7,h 7 ^ 

(Escherichia coli Genetic Stock Center) ^ -r 

(Department of Biology, Yale University) ; P. 0. B 
ox 6 6 6 6 New Haven, CT 0651 1 -744, U.S. 
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I0 0 1 4] ftt>tiZMW$i&&:£')7yX* KDN A 
l«Vs<?T» *A - 77^AMJ - 2 3 3 

<DAWtft&m$&. w&i-z>z t&x$z> 0 
[ooi5] t)k Lx'&bfrZAmKzzb\cm%tm 

10 0 16] ^^6^1^,1:0^7^-; KDN A 



[ooi7] ^^J:Mat#bnaA^-ott 4 

lltl/Hf/^f!j £A • y J -2 3 3*fctf>& 

£#DNA££JjSg£3sE coRl <£|£:£5M?ICj; *)ij0 9 

£oT1§e>*L<5;*:££#;&i. 7 k bODNA^^i 

[0 0 1 8J 7 k btDT^Vuh*-*-— 1?£ 

^-K-r6^^^tfDNA»r^§r. &m<ommm% 
la^ i c^-r. 

[0 0 19] 

1*1] 



mtm* 



Dra I 
Hioc II 
Hind III 



&J te. DNA^XliT-^^ K£. ftjffi#^<0#& 

i %r #n -^y/u«««c»i3 j: ut 5 %# y r ? 
[0020] ^fc, 

r*. x^ykr.py©7^7r-^ U phage) 

tf>DNA£$UPK6*&H i n d III XtymLXnbth 

zft+m&tooD n AmK<om—T # n — * y/u±-?<o 

•3!)077>T-xy^^l 7 4 77-i? U x 1 7 4 
phage) (ODNA^MHae I 1 I TgNRL? 
ffi 6il5OTi»DNA^(OP)-^ !)7^!l;i/7 

mDNAtoKXttyyxZ K<D&D NABrfi-<0*§ 3 £ 
£*MIU too. lkb^bik b*m<OMK<n±$2 

ico^rii4%^yr^ y^rs Ky^s^awcj:-? 

[00 2 1 ] ±ieO^U^<i?^y r>A . 77/< 

J - 2 3 3 OM^DN AM^N r uI-E 



<fl&r*rfl-$>*£;* (kb) 



0.2. 1.5 
0.3, 0.6. 0.7 
0.4. 1.2 



#91. 7 k bC0DNA®r^"ICOt>Tii. t^lSEM^ 

^7^U'pUC118^fc|j:pUCll9 

§3) trMv^^al-^i/^^u^KIMltt (dideoxyc 

hain termination fcfc, Sanger, F.et.al. , Proc.Natl.A 

cad.Sci.USA, J7_4,, P 5 4 6 3, 1 9 7 7 ) lC<fc *) 

1.7 k bODNA^f^^iB^co^-^vy-^-f 

9. 4 2 1 te7^7^^- Kf5 1 2 6 3<^)iS^ 
[0 0 2 2] 

^—fe?«r=»-K"rsag^«r^tfDNABfr^tt. 

03 y^lfflgS^^DNA^^^^^ijCQCD^ 
61*. iMt^tl^DNA^g, fclx.!*^:?^ 
>-*t§{ Systearl Plus£Jfl^T#dc£ftfc ktfTCfcoT 

[0 0 2 3] BDffiO*D<;/UbV<^xy r>A • 7 

7'<AMJ -2 3 3<D&&#DNAa>6E#£iX6*$g 
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[0 0 2 4] &±(C|tSLfc*$&*Sftl. 7kb4)D 
[0 0 2 5] *ftW<nTX/<;vV*-r-M*^-Y-tZ> 

[0 0 2 6] *SW©T^^h*t— — 

m 

[0 0 2 7] *J8W©A^**A-fSC^:^-e*6. 

b^trzfyx* LTHU Wittt, »Bi¥3 

-2101 84*^«l:8e*©^7^5 KpCRY3 

0 ; <ft0f)¥2-2 7 6 5 7 5 JH&«ceflt4>7 p 7X S K 
pCRY2K p C R Y 2KE, pCRY2KX v pC 
RY31, pCRY3KE^pCRY3KX;^ 
1- 1 9 1 6 8 6^^<Cg2^^y^^ Kp CRY 2 

pCRY 3 ; 4^PSBS5 8-6 7 6 7 9#4^8tCfSH£ 
p AM 3 3 0; «&0fIB8 58-77895 ^$8Ulie«fc 
<T> p HM 15 19; ft&flBB 58-1 92900 ^4k|glC 
v£M.<0 p A J 6 5 5, p A J 6 1 iWpAJ 1 8 4 

4 7- 1 34 5 0 0*§-|CS2^<OpCGl ; 4$ 
B3BB5 8-3 5 1 9 7^^ic2e^<DpCG2 ; ftEflBS 

5 7- 1 8 3 7 9 9^f8ICf2i$<OpCG4&tfpCG 

1 l^^if6w^^-e^ 6o 

[0028] <pvh=>v*mi®m<Dm3. — 
^x~/yy % h-<om%®mmm**]zm&*k =» y *g 

i>(D*m*L<. mitf. 7y*H KpCRY30, p 
CRY21. pCRY2KE. pCRY2KE. pCR 
Y2KX, pCRY3K pCRY3KEMpCRY 

[0 0 2 9] ±.&7*yy* K^^-pCRY30$:I 

X (Brevi bacterium stationis) I FO 1 2 1 4 4 (F 
ERM BP- 2 5 1 5) ^7^; KpBY5 0 3 
(Z<07yy* ^(DUm^^xn^W-l - 9 5 7 8 
5«&«*JS) DNA^rfAWU OTlXho I 

^^^4. o k bcn^y^x h'<DmM®m&im£*)Z) 

i8fc?-£^ODNAK*tt&#9mu fclPSS^E c o R 
I*>i:tfKp n ! VXZ£&#)2. 1 k b<D7yy* K 



1% riX^CDffilfttt&y^;^ KpHSG 2 9 8 <£ig 
it®) <0EcoR !, Kpn l«l/Sa I I 
m*&tfC tic J; 9, -fyy% K^^- P CRY30 

[0 0 3 0] ±ie^*7^^ 

OABrtfo^Ali, &\z_&7yx * V^tf—Wz l fig 

^ClCBljieA^rK-^.ti/roSLyt^^^^ K^**-£ 

£A\ *fc«a^/jrry^-DNA<0#&TJcDNA 

[003 1 ] 7*7^^ KpCRY3 0^(D#3&9iOA#r 
tfO^Att, /7^^ KpCRY3 0^Jffij8f?tfEco 

[0 0 3 2] ^<OX ?\ZLT&&£tiZ>7y y ^ K pC 
RY3 0IC*&^o*££#fti. 7 k bOAK^*^ 
ALfiLm&x_yyy* Kil, L- y ^>©»f£U»atc 

W^;^?^; KpCRY30-AKi:^ 
Lfc w ^y^S KpCRY30-AK(0^^j£(D^ 

icot>Ttt. &&mmw4 -ClR^i-6o 
[0 0 3 3] rcoj;?icLT&j&£ft*7*xyi,h*^ 

[0 0 3 4] *&wiz±z7yx* vvmnm&voz 

7y^A-77^MJ-23 3 (F ERM BP-1 
4 9 7). - 77/UMJ-2 3 3 

-AB-41 (FERM BP-1498) % 7*U^ 
^fJ/^-77^MJ-2 3 3"ABT-ll (F 
ERM BP-1 500) , -fUVs^y-}) $J»* 7y 
^MJ -2 3 3-ABD-2 1 (FERMBP-1 
4 9 9) ^^Jf htlZ. 

[0 0 3 5] %}o % ia<OFERM BP- 1 4 980 
^tt. FERM BP- 1 4 9 7<0®«c£jgflc£ LT 
D L - « - r ^ /^KWtt«r«SW<c:^$nfc^^ / 
-^SWkft*^«fC*>6 (^BB 5 9-28 3 98^ 
«»3-4«^flg) o FERM BP-1 500 

CO^tfctt. FERM BP- 1 4 9 7 <0®&£&8c£ L 

T*fc6 (#53B86 2-5 1 9 9 8 ^^#^) 0 $ 
IC. FERM BP-1 499©IttHFERM BP- 
1 4 9 7(DWft£m&tLftD- a-Tx SM&'rT* 
i— W»ttSC*KT?*>6 (^P«BS6 1 - 1 7 7 9 9 3 
^$ft#fl@) . 
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[0 0 3 6] ^fhbnftL&facnmz., 7utr/<?T') v 

* T^^/y^^ (Brevi bacterium amrooniagene 
s) ATCC6871. J^ATCC 1 3 7 4 5, [5] AT 
CC 1 3 7 4 6 ; ^U^f U £A • TS<y$#A 

(Brevi bacterium divaricatum) ATCC 1 4020 ; 
yue/^r!)^*7^F77->y^A (Brevibac 
terium lactoferroentuin) ATCCl 3869 ; 

]) ry A * V %f>J* (Corynebac terium glutam 
icum) ATCC3 183 1^$:teM^i:Ufflt^ 

[0 0 3 7] ftfc, ^±Ht/U^f!)!)A.7 

Mti^7^^ KpBY502 (*H8J8g6 3-3 6 7 

pBY502^it5:t^U> o ^Oj;?*?' 
KpBY5 0 2$rft¥c*-r6^&^:UT*i > «*. 

[Bact.Rev. _36 p. 3 6 1-4 05 (1 9 7 2) # 
M] o Jbtay 7 ^U'pBY502 *A&&}lzf&3z-t-Z 

[0 0 3 81 ^l/^^fy^A' 77^MJ- 

2 3 3<D±m&yFfz±icmmi-zmg[(DT ? v 

>i> (»&: 0..2-5 0p g/ml) tKWtxfv? 
*A:/n$ K (fi& : 0. 2-5 0/1 g/ra 1 ) 

tffcifclC. 1 m 1 M§9#)1 ommztizxiiztemt. 

5 K*h«MMMrm\ ^7^U' P BY502«^ 
ftTv*SM*»*W-S. ro^lcJ:9^7^^ KpB 
Y 5 0 2»$^7 r l/f/^f!J ?A • 77/^M 

j-2 3 3^itt»e>n6o 

[0 0 3 9J ^<D±.o{c\^X'&hfiZ>zf\'\Zs<? ; r V ? 
A ■ y 7/UM J - 2 3 3 &&m&^<Dm&7?A $ K 

<^H*a{ft&£LTtt, ^>^y fcr • ^ y^u^/i^ 

* J) n htf^fco^TfcJ^JxT^* J: ?iz [Calvi 
n, N.M. and Hanawalt, P.C. , Journal of Bacteriolog 
y» 1 7 0 , 2 7 9 6 (1 9 8 8) ; Ito, K. , Nishid 
a, T. and Izaki. K. , Agricultural and Biological C 
hemistry, 5 2 , 2 9 3 (1 9 8 8) #J$] , DNAg 
^m^V^Xfotikft [Satoh, Y. ct al.. Journal of 
Industrial Microbiology, _5, 1 59 (1 9 90) # ■ 

[0 0 4 01 ±.&<o*m-e&mK&Lx&btiz>Txs< 

^r^A • 77/UMJ -2 3 3&3fM*Oi&*2f&£ 

ioo4ii «*k£*jbl mmm. mmm^^tt^ 



* Lxmmmt lx\* % wxifrv^r. mmr^ 
m&tLxit, wz_tf y >®t-*mi) x ) !)>8m 
^y#-\ z-f^/m. **?->>%<D£m\? **>&<d 

[0 0 4 2 I jg*tt % i§# x «fi^<0#^ 
ftT«^ ^20-^4 Ot:, #£L< ttift2 5^-;fo3 
StcDtafi-CfT^ri^T^S. :£3S&*<Oprm5- 
l 0. »4L<tt7-8f*ifiti-SC^:dS-e#, JfrU* 
P HsBStt&XttT/U;*; y LTtT ?ZktfX$ 

So 

[004 3] «*W*&B$<0R3RJ|fifftt, U< tt 1 
-5^S%. 5E^*L<«2-3^fi%-C*)>5 Q * 

^«3 Bf^-C$>5o 
[0 04 4] r(Oct9(CLT1#^H51^^^#^|i 

[0045] L-y^>4i*Re:i^^Ttt % cne>^) 

[0 0 4 6] LA»Lr**Wlctt^tf. ^3-^«r, 

±ie««ar«:xtt«tt:ftt3itefc»tt$*T, L-y>?> 

[004 71 ^3-^ t ±gS^*®*XttK«:«ia^ 
V^T. »t L< tt»2 0-^14 Ot:. ^2 5-^3 

[0048] ^idM-s l - y 5; >imztis fommft* 

[0 04 9] 

Wei 0 $ t)lc^6?j|cSi^-r6o 
[00501 g&jjj 

yu-ex^y «>a . 77/UMj- 2 3 3&&<ot* 

^ fra- Ki-^xS^«r^tfDNA»r^ 

(A*r>T) iD^D-yfb 

(A) y - 7 7/^MJ -2 3 30) 

£DNA<Oflbai 



-6- 



Ai&Jfi [M:^2g, <NH 4 ) 2 S0 4 7 
K 2 HP0 4 0. 5g % KH 2 P0 4 0.5g, MgS 
0 4 O.Sgs F e S0 4 - 7 H z O 6 m g , Mn S0 4 
4-6H 2 0 6mg, g*#^*;*2.5g, 

^U3-^2 0g, &©*i ]] ill:, yu-tv^f 
V VJ* • 7 J - 233 (PERM BP- 1 4 

97) fir^ftianDnftn^-cttSL. n 

htlttmt* 10mg/ml <0**lcy Afr£tr 
10 mM NaCl-20raM h D (pH8. 
O) - ImM EDTA-2Na®115mll«l 
/Co ^icyn-r^-- ^K$T, AKftftftS lOO M /m 

i izftzx iizmmi^ 3 7 < ccmra«iatyc 0 £<b 
«fc5K*anu 5 0 , c-c6^iB«fflUT*Sufc o rco 

5>K (5,000Xg, 2 0M 1 0-1 2<C) U 
±»H»«r»*L, &^hy^£0.3M£fc£<fc 

fc. ^btufcDNAJCl 0mMhy^tg®i£ (pH7. 
5) - 1 mM EDTA • 2Na^5ml ZfiO^ 4 

•C-c-iftlMau ElftoMfcKJBvyfc. 

[00 5 1] (B) |a^x.(»(0f(J$!i 
JtfB (A) «-C#fcynf/<^fy!)A • 77/<AMJ 
-2 3 3<OiDNASI<D9 0 n \ «T«K»*E c o R 

I 5 Ounits SrJflV\ 3 7*01* 1 
«Lfc« cOE c o R I ^DNAi:^ o-^y^ 
^-pHSG3 99 (£igig<t>?rfTJI£) £&JfK#i&Ec 

0 r i -caw vit&. m >mttmLiti><D*m& 

U 5 0mMh^tWtt (pH7. 6) , 1 OmMy 
h-M ImM ATP. lOmMMgCl 
2 2fct^T 4 DNA y # — £ 1 unitcD&J5fc#£:85$D L (* 

[oo52i (O r^/<y^ L±±ng^Zz: 

@S£i£t*itt, t7 • 3JICGSC 5 0 74 

(thr Al 101, lys CI 00 1, me t L 

1 000) -VhZ> [ ( ) rttt77/^h*t~«fi 

(Cenotype) «. _b!2 (B) *T»e>ftfcr 

7*x K»»«rJBV\ (Journalof Mo 

lecular Biology, 5 3 , 1 5 9. 1 9 7 0) iZ&*)ffo 

ex*'* ytr-^ycGSC5074 «c*^sie* 

U ^D7A7x-3^5 0mg^tfWi [K 
2 HP0 4 7 g> KH 2 PQ 4 2g, (NH 4 ) 2 S0 4 1 



g. Mg S0 4 - 7H 2 0 O.lg, ^3-^2 0 g& 

[0 0 5 3] ^©»«±o±W*«r««fe(cJ:9»**« 
U *&£&<t9^7*^ KDNA&#ffiU tt:/?*S 

m^Xm^tzt 7*7*1 KpHSG3990f$ 

2.2 k bODNA&r^ato;^ &$jfo3. 8 k b<O^A 
DNA»tf*MR«>Mbfc. 

[00 54] *7*7** K5rpHSG39 9-AK^ 
[005 5] (D) tffr=»— 

aea^tpDNA^g; <a> w^jglg_ErE±g 

±& (C) ^X^ftyy^ S KpHSG 3 9 9-AKlC 
£ * ti* D N A#A®rfi-£ . &S*»a*rt lc/h9KM- 

7'7^^KpUCll9 (£flg£J;9mi&) 
^TX'</Uh*1— h^f SiBfc*££trDNA 

[0 0 5 6] ±© (C) *-0»fc:/5;*5 KpHSG 3 
9 9-AK£fcJI®B*^Ec oRK Nr u ITMjDBrLfc 
t>£>£, 7*y*Z KpUC 1 l 9£#JJKgfii?E c o R 
K Sma IT'WLfctOM^U 50raMM)^ 

(pH7.6) „ 1 OmM^f^ M I — /K 
ImM ATP, 10raMMgCl 2 &i;T4DNA!! 
#~ t? limit <0«.*»«r«gaiL (**»<0«Ktt«» 
&&-?&*) , 1 2trCl 5B«aRfc£i!\ 

[0 0 5 7] mbtitcT*?** Kffl«r«rffll\ Jfifcfr/t' 
->£i*i£ (Journal of Molecular Biology, 5 3 , 1 5 

9, 1970) izxvmm^i/*}) tr • ^yccsc 

5 0 74««rJgK(E*U T>f^y>5 0mg^tf 
iS^lSife [K 2 HP0 4 7 g, KH 2 P0 4 2 g, (NH 
4 > 2 S0 4 1 g> Mg S0 4 - 7H z O 0. 1 g, 

-^20g &xmx i e g %m®* i i iztsm} ten* 

[0 0 5 8] ^0JftJtJ:0£W4ft«r*»IC X 
U 7^* S KDNA«r»au ^7^^ 

^V^TSI^fc^r^, 7*7*$ KpUC 1 1 9 <D& $ 
3. 2 kbWDNA»r)tl:M t S^ttl. 7 k bO^A 

DNA^iWbnfc. &m<ommx*wmLftt$ 

^ g$^)l. 7 k b^DNA»r^^JK»^Sa$5<ar 

^ tJ^a W Wit £ £ »*fiN&» nc^ t it £ ?) "C 
$>ofc 0 ^<ODNA»rM"0«l»»3R§I^JftBI«rHlJC 

[0059] ^^ta-c^y^^^ vz&mummm 

TI2<0^2^^i". 
[0060] 
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32 HpUCl 1 9-AK 



mm 



Barf I 1 
Bgl II 2 
Hind III 2 

C 1 1 9-AK£ft£Lfc 0 
[0 0 6 11 UiL±lCj:OT^/^h^— 
£i9^£1£tr;fc££#tol . 7 k bODNA^rit (E 

coRI-BamHi»fjt) £ J^Tt /b„ 

I0 06 2J gjjfegjj 

TX/*/P h*-i—- bf^zi- Ki-«afirT-oJ!6»E?3o* 
— K+5ae^4r^tfS*^ttl. 7kb©DNA«f?fr 

icot>r. ^(ommm^yy^^ Kpuci i 8**: 
ripuci i 9 &m^Zi?T**isx?u 

^^f~ KS$3li£ (dideoxy chain termination (Sahg 
er, F.etal., Proc. Nat. Acad. Sci. USA 7 4 , 54 6 
3, 1 9 7 7) KJ;0B2fc^Lfcttl&BlC«oTft5e 

10 0 6 31 %(o&m&.?iW<D*-7>v-T*{>yy 

&=m* TieK?iiic^i-^sK^j$rwr5 4 2 m©r 
5 Ki-a 1 2 6 3 <Difi3*f j; !>«j*3;rvtv* 

[0 0 6 4j 

Hlfe^3 

(A) KpBY5 0 3<?>SHg{ 

/7^U'pBY503(l, ;7VbV<^-r U *A • 
f^IF012144 (FERMBP-251 

$ KTfc 9 , ttM¥ 1-95 78 5 &&mz&Vl<D X o 
KUTWLfc. ¥frri»ttA«J| K»2g % (NH 
4 ) 2 S0 4 7 g v K 2 HP0 4 0. 5g % KH 2 P0 4 0. 
5 g. MgS0 4 0. 5 g, FeS0 4 - 7 H z O 6 m 
g, MnS0 4 - 4-6H 2 0 6mg, 6*^**2. 5 

g, #ifs/&5 g , m>2 0 0/ig, m&f-rx 

V2 0 0Mg. ^^-*2 0 g&tffc®*l 1] 1 1 
(C, 7*l/^f 9 £A • I FO 1 2 1 4 

fc»»«rl Omg/m I oaifltlcyyf-A^^traW 
fflt [2 5mM hy * (t Ko^i/^^u) / 

lOmMWEDTA, 5 0mM^3-^] 2 0m 



(kb) 



4.9 

4.2. 0.6 
3.6> 1.2 

nc»»u 3 7rx-ifer«^ settlers 

*y-SDSi [0. 2N NaOH, 1% (W/V) S 
OS] 4 0ml£Sfc&DU 8K»JWc:»fiJ LTMUCT 1 

[5Mflflt#9 *AJg&6 0m I % Rgt 1 1.5ml, 
^@tK2 8. SmlOg^ffl 3 0ml£flsflUU 
^Ur^e>7fC7tc^(c: 1 5 5>P^»ELfc w 

[00651 m4feftfttra««lc9L, 4t:-eio# 
Pfl, 1 5. 0 0 0 x g tt8WrfM*lc*>tt, ±S#£# 

[0 0 6 6J -ftl^fiO^y— /V-^nptf/UAffc 

»Ufc», U MBTT?5»HL 15,00 

ft©ai^y-/^iux. % -2 0ic-ciKSffl»iaa % 4t; 
■c l o»RL l 5. o 0 o x g (oa^Htfca^ ttK 

[0 0 6 71 a:»«r»E«:j!*a. TE«f?*[hy*i 

OmM, EDTA 1 mM ; H C I \ZX p H 8 . 0 
g] 2mll«Lt *»«fc»k-fe'>»>A»* [5 
tem&<DTM&ffimi 0 Om I Kifrffc-feV** 1 7 0 g 
«r«*$*fctt] 1 5 m 1 t 1 Omg/m 1 ^v^A 
yn-^^ KMlml^Mt, ftff£rl. 3 92g/ 
m I (c^t>^:fc 0 z<nm&& 1 2t:-C4 2I$RK l i 

6 , 0 0 0 X g <D58'k#**fTO fc. 
[0 0 6 81 KpBY5 0 3tt«»IMJtlCj: 

> Kfrttttar&bVoiniatbtk* £ 5 i t J; 5 . 

KpBY5 0 3«rStr$»*fc»fc. 
[00 6 91 ftv^^^I^M^ yr^ur^ 

O iZLXnb tilt?? X* KpBYSO 3££tj>S#r# 
«-3MB»t h y ^»M»S3 0raMi:iHDL 
fctt, 2«fto:^y- / u4 r ^ t -20tl»BMl 

it. z <omm* 1 5 , o o o x g &&<btmvifrttxD 

N A ZfJXx KpBY503^50//g^| 

fc. 

[00 701 (B) 7^7^; K-<^- P CRY30 
<Pf£fifc 

^$KpHSG2 98 0.5„glc&Jj 
fSa 1 I (Sunits) ?r 3 7lC 1 l$PflRj£:;*-t*\ 



-8- 



[0 0 7 1] M£ (A) *-CMHLfc:/7*S KpBY 
503CO2m giCfcJfEBS^IXho I ( 1 unit) £ 3 7<C 

tt^S»»>f>OAd^ft^«ff ^ lt^^ 5 OmM 
hy*t§£if£pH7.6, 10mMMgCl 2 , 10m 
M^^l/>f h-;K ImM DNA 
tflunit K*SJ;9lc£/&#£&rt:u I 6t: 
*C 1 5ff$f8H%2S.Lfc. C^M^txv'xytT- 

[0 0 7 21 M^(i3 0M/ml (&*!««) 
tf>7>^-^<»\ 100 M /ml (SteSS) I P 

K) 100|ig/ml (&#»£) (OX-gal (5- 
^ d n — 3 — ( >VV /U— & -D — #7 ? 
ht^/v-K) £<&tfL#it! (hy^h^l Og. sim 
^5g 4 NaCI 5g&tf&©*l I , pH7. 
2) T3 7t;»CT2 4^fffli8f*U £Wfc£ LT#6*L 

[T.Waniatis, E. F.Fritsch, J. Sambrook, "Molecular 
cloning* (1 9 8 2) p9 0-9 1#jl] J: 0 

[0 0 7 31 ^(Of^m. ZfyX* KpHSG298?>S 
a 1 lgMfctCT/vX^ KpBY5 0 3*^4.0k 
bnmfttmAZfiltT'yXii KpHSG298-or 
i &ft<bfl1t. 

(00741 Klcffi«eD#fc$:Jflv\ ffifg (A) J5-C1^ 
^fc^7^^ KpBY 5 0 3DNA£#JB&g*$Kp n 

IMEc oR 1 ICX^3lL-C^P>n5^2. lkbO 
DNA#r/i-£±ge:?*7*S KpHSG298-ori<D 
Kpn I RUE c oR I gfUftK:^ o--y/L v 7*7^ 
S K^^pCRY3 0?:SSU e 

[00 7 5j gjfegj 

77*$ KpCRY30-AK^Mt53!)»l 

£*0!|]4> (C) ^-C^P>ixyc^^^ KpHSC3 9 
9-AK 5/ig$:»*EcoR]-NruI^ 

sunits 3 7t;-e i^fE£&£i£#*?Lfct>co 

BamH I <£Sag,fc 9 ifiJIS) 1 /i 1 

£U 50mM^y7«(pH7.6), 1 OmM 
k/K ImM ATP, lOmMMgC 
1 2 *5J:U<T4 DN A y Jf*—1£ 1 unit 0#/$#£8&n) 
t (*l*»0»*W*»a«^fe5) . 12tri5l^ 



[0 0 7 6] :ODNAOT^BamHI 3units 

^v^3 7 c t:^lK!f^^r^^5>^u^^^i:, n% 
^3<^ (b) ^e>n^7*7^-; kpcry3o i 

u g $rffiIRI!S$33 BamH] lunit£rfflt\ 37t*Cl 
^WR*S**»»UfctO«:Ja^U 50mMh!)^8 
®i£(pH7.6), 10mMv?f^W HK 1 
mM ATP. lOmMMgCl 2 jo«t^T4 DNA 
51 limit <D*J*#S:«taL Mrjfc#<D»gttJft 

tefcaTCfcS) , 1 21CT1 5 8*fflEJ& 

xytT-3!;CGSC50 7 4tef9$aftU 
^i/>5 0a g/m] tr^trMFWft [K 2 HP0 4 
7g, KH 2 P0 4 2g, (NH 4 ) 2 S0 4 1 g. MgS 
0 4 - 7H 2 O0. 1 g % ^3-^2 0 g 1 6 

[0 0 7 71 r«)«ift±o±#«e«r»j5feicj:9K*«|| 

u m^mzyy?*^ kdna^wu ^^^^ 

m^^Xm-<1ttZ^> % ^7^^KpCRY30«f$ 
8. 6kb<0DNA»r/WcflP;l % 7 k btf>ifA 

DNARfr^Wbiifc, 

[0 0 7 81 ±l20$u<p^K^H^y7^^ KDNA 

[0 0 7 91 M^tm^ m^y</^m^m^x»i<Dt 

[0 0 8 0] TVfcV^^y^A - 77^MJ-2 3 
3 (FERM BP-1 4 97) 7?X * K p B Y 5 0 
2Bfc*B:* 1 0 0m 1 Wffir|BA^ift-C^i9«itO»8*T? 
*#U ^^y>G«rl^-^ F/m l lettable 

2 0ml tt'tA'X/IUMK ( 2 7 2 mM 
Sucrose, 7mMKH 2 P0 4 . lmMMgCI 2 ;p 

H7.4) \zxto&Lit. *e>ic«*Sra^»*ur« 

5m 1 ^A^JflfcfttejBMU 0.75ml^ 
1®t, »E-C» feilfc^^^ KDNASM5 0n 1£ 
frMU * c r , lcT2 0£RO»RLfc. S^->/<yi^— 
W*5 KW0 Sr/B^T. 2 5 00#/uK 25// 
FD£tt£U AsV^£WMfc**tC2 o#M»BL 
fco £fi& 3 m 1 <o^|2AJgife»c^L 3 0ti:t 1 B$||fl 
*t^Wl5Mg/m] £3 
triage A*^JgiftlCtta L 3 0 2 - 3 0 MJ&« L 

(A) «Ri«B«©*ffiSr^t^r^7^? K*»fc. Ztf> 

y?*^ vz&mmmmmxmmLT* vmwrKo-xz 

[0 08 11 
1*3] 
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&3 :/5X£FpCRY3 0-AK 



Y30-AKm Lfco 

[0 0 8 21 ft*. 3^7* S KpCRY30-AKia 

3 3-AKtt, ^mo<ffrti^lT@ 1#3^0II 

tt"C :&XW«#Sn 2 6 5 8^ (PERM P-l 2 
6 5 8) <t LTSrSfc^ixT^S,, 

[0083] gysgis 

3/7*^ KpCRY3 0-AKO$^ 
ItfjSrWAi&i&l 0 0m 1 £5 0 0m 1 %E.i*}7 7 * =>iZ 

i 20^1 sftmtm&y&vithco^ mm. 

J 23 3-AK«r«lU 3 0tlCT2 4«i^ 
£fro£:& N ^KLTISKbfcAiSJfcl 0 0m J £5 

0 0ml ME.&7 7*^\^ftftL\^. 12 0 € CX*15^Pfl 
ftfr®Lfct><Ot;i, lm)^J5 0 cells <n^\^^ 

w ^> > £r 1 5*i g/m i 0>w&T8Mn Lfc AigJ&S:rj<& 

[0 0 8 4] 3tr^-W^^SAi43J:tHilBftl 

Zt. i-ftt>^>tt^7^5 KoK*<oftfttt«ri»»L 

[0085] jgjfc«6 

«Jfe (R*0.4%. ftHfcr 1.4%, KH 2 

P0 4 0.0 5%, K 2 HP0 4 0.0 5%, MgS0 4 - 
7H 2 0 0.05%, CaCI 2 -2H 2 0 2ppm, F 
eS0 4 - 7 H 2 0 2 p pm, Mn S0 4 ■ 4^6H 2 0 
2 p p in. Z n S 0 4 ♦ 7 H 2 0 2 p p m, N a C 1 2 
ppm, W>200/ig/l, f7;>'HCI 

1 0 0 n g/K TJlF* >>&0. 1%, gl^^r^O. 1 
%) 10 0ral?r5 0 0m!^77^^l^a, $K 
&<fl*®£pH7.0) 

7/< A (Brevibacterium flavum) MJ 2 3 3-AK 
(PERM P-1 26 5 8^) £*5®L, 

,v^-7s$: 5 g / l o&AKft&J: ?lcflDx, 3 otic 

T 2 B KJMa*«£*Tofc. 









EcoRI 


2 


8.6, 1.7 


Banfl] 


1 


10.4 



[0 0 8 6J fclC, (^A-r*-*5%, fiKfit 

T^!>^2.3%, KH 2 PO 4 0.0 5%, K 2 H P 
0 4 0. 0 5%, Mg S0 4 - 7H 2 0 0. 0 5%, F e 
S0 4 • 7H 2 0 20ppm, MnS0 4 - 4-6H 2 0 
20ppm, \f*'?>2 00 ,* g/1 , f7^y-HC 

I 100m/K ^f;y»o.3%, 

0. 3%) O1000mt£21 *»SMM*«fctt& 

tnt d 2 or, 20M) msmm»*«>2 

0 m 1 SrSfcJlOLT, faHEjR 1 0 0 0 r p m, iffiflfi 1 v 
vra, I«3 3t, pH7. 6«CT2 4^(8JJg^$rtTO 

[0 0 8 7] #*teTfL fcH«95 0 0ml A»b38*k£ 

i& [ (NH 4 ) 2 S0 4 2g/l ; KH 2 P0 4 0. 5g/ 

1 ; KH 2 P0 4 0.5 g/l ;MgS0 4 - 7 H 2 0 0. 
5g/l ; P e S0 4 • 7H z O 20ppm;MnSO 4 
•4-6H 2 0 20ppm;f7^Ml00M 

/ 1 ; pH7. 6] <Dl 0 0 0m 1 
5:2 I ^i§5aj£#*f lc{±&*, ^^9g5r^L 
T, ©te&3 0 0 r pm, ii&fiO. 1 v v m, ©&3 
3*C, pH7. 6lCT2 4l$f3J&JS£fTo*:. 
[0 0 8 8] ££*n r &, S>L*5>f$ (4O0 0rpm, 
1 5#PrlL 4t:) ICT^Ufc±«ff«+OL-!; ^>^ 

1. 5 g/1 -C*>ofc 0 

[0 0 8 9] ;(OS^7Mtl«5 0 0 m I fc, & 

•J^StS*;**, *ifc&, 0. 5NTV^-TtK"C^ 

L-y ^y©8*«rffffl$*fc. 4 0 0mg 

[0 0 9 0] ittfc^LT, PWtofcftlCT* 7* 

l^tf^^T 1 n £A • 7 7^ (Brevibacterium flavu 
m) MJ-2 3 3 (PERM BP-1 497) 

ttO. 6 %/ 1 "Cfcofc. 
[009 1] 
IffcS] 

l® 1 ] ifcJMHOT*^ h*7— - t?$r=i- K"f 
[I22] 7 k b<0*$&l^DNABr>i-<OiS 
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Val Ala Leu Val Val Cln Lys Tyr Cly Gly Ser Ser Leu Clu Ser Ala 

15 10 15 

Clu Arg He Arg Asn Val Ala Glu Arg lie Val Ala Thr Lys Lys Ala 

20 25 30 

Cly Asn Asn Val Val Val Val Cys Ser Ala Met Cly Asp Thr Thr Asp 

35 40 45 

Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

Glu Met Asp Met Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 
65 70 75 80 

Val Ala Met Ala lie Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

Gly Ser Gin Ala Gly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg 

100 105 110 

lie Val Asp Val Thr Pro Gly Arg Val Arg Clu Ala Leu Asp Clu Gly 

115 120 125 

Lys He Cys He Val Ala Gly Phe Gin Gly Val Asn Lys Clu Thr Arg 

130 135 140 

Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

[ft2-£»2l 
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Ut2*(D3] 



Leu Ala AJa Ala Leu Asn Ala Asp Val Cys Glu lie Tyr Ser Asp Val 

165 170 175 

Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 

175 180 185 

Leu Glu Lys Leu Ser Phe Glu Glu Met Leu Glu Leu Ala Ala Val Gly 

190 195 200 

Ser Lys He Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 

He Ala Gly Ser Met Glu Asp He Pro Val Glu Glu Ala Val Leu Thr 

240 245 250 

Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 

255 260 265 

Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

Ala Glu He Asn He Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 

Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 
300 305 310 315 
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Arg Ala Met Clu lie Leu Lys Lys Leu Gin Val Cln Cly Asn Trp Thr 

320 325 330 

Asn Val Leo Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 

335 340 345 

Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Glu Ala Leu 

350 355 360 

Arg Asp Val Asn Vat Asn lie Glu Leu lie Ser Thr Ser Glu He Arg 

365 370 375 

He Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
380 385 390 400 

Leu His Glu Gin Phe Gin Leu Gly Gly Clu Asp Clu Ala Val Val Tyr 

405 410 415 

Ala Gly Thr Gly Arg 
420 
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[ft!?'J] 

GTC CCC CTC CTC CTA CAG AAA TAT GGC GGT TCC TCG CTT GAG AGT GCG 
Val Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 

15 10 15 

GAA CGC ATT AGA AAC GTC GCT CAA CGG ATC GTT CCC ACC AAG AAG CCT 
Glu Arg He Arg Asn Val Ala Clu Arg lie Val Ala Thr Lys Lys Ala 

20 25 30 

CCA AAT AAT GTC GTG GTT GTC TGC TCC CCA ATG GGA GAC ACC ACG CAT 
Gly Asn Asn Val Val Val Val Cys Ser Ala Bet Gly Asp Thr Thr Asp 

35 40 45 

CAG CTT CTA GAA CTT GCT GCG GCA GTG AAT CCC GTT CCC CCA OCT CGT 
Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

GAA ATG GAT ATG CTC CTC ACT GCT OCT GAG CGT ATT TCT AAC OCT CTC 
Clu Het Asp Het Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 
65 70 75 80 

CTC GCC ATG CCT ATT GAG TCC CTG CCT GCA GAG CCT CAA TCT TTC ACG 
Val Ala Het Ala He Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 
85 90 95 

CCT TCT CAC CCT CGT GTG CTC ACC ACC GAG CGT CAC GGA AAC GCA CGC 
[<fc3*©2] 
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Gly Ser Gin Ala Cly Val Leu Thr Thr Clu Arg His Gly Asn Ala An? 

100 105 110 

ATT GTT GAT GTC ACT CCA GGT CGT GTG CCT GAA GCA CTC GAT GAG GGC 
lie Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Clu Gly 

115 120 125 

AAG ATC TGC ATT GTT GCT OCT TTC CAG GGT GTC AAT AAG GAA ACC CGC 
Lys He Cys lie Val Ala Cly Phe Gin Cly Val Asn Lys Glu Thr Arg 

130 135 140 

GAT GTC ACC ACG TTG GGT CGC GGT GGT 7CT GAT ACC ACT OCA GTT GCA 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

TTG GCA GCT GCT CTG AAC GCT GAT GTG TGT GAG ATT TAC TCA GAT GTT 
Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu lie Tyr Ser Asp Val 

165 170 175 

CAC GGC GTG TAC ACC CCT CAC CCG CGC ATC GTT CCT AAT GCT CAG AAG 
Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 

175 180 185 

CTG GAA AAG CTC ACC TTC GAA GAA ATC CTG GAA CTT GCT GCT GTT GGC 

[<fc3*(7>3l 
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\jeu Glu Lys Leu Ser Phe Glu Glu Met leu Glu l.eu Ma Ala Val Gly 

190 195 200 

TCC AAG ATT TTG GTG CTA OGC ACT GTT GAA TAC GCT CGT GCA TTC AAT 
Ser Lys lie Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

GTG CCA CTT CGC CTA CGC TCC TCT TAT AGC AAT CAT OCC CGC ACT TTG 
Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 

ATT GCC GGC TCT ATG GAG CAT An CCT GTG GAA GAA CCA GTC CTT ACC 
He Ala Cly Ser Bet Glu Asp He Pro fal Glu Glu Ala Val Leu Thr 

240 245 250 

CGT GTC GCA ACC GAC AAG TCC GAA GCC AAA CTA ACC GTT CTG GGT ATT 
Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 

255 260 265 

TCC GAT AAG CCA GGC GAG GCT GCG AAG GTT TTC CGT GCC TTG GCT GAT 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

GCA GAA ATC AAC ATT GAC ATG GTT CTG CAG AAC GTC TCC TCT GTG GAA 
Ala Glu He Asn He Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 

Ufc3-e©4l 
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GAC GGC ACC ACC CAC ATC ACC TTC ACC TGC CCT CCC TCT CAC CGA CGC 
Asp Gly Thr Thr Asp lie Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 
300 305 310 315 

CCT GCG ATG GAG ATC TTG AAG AAG CTT CAC GTT CAG GGC AAC TGG ACC 
Arg Ala Met Glu He Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 

320 325 330 

AAT GTG CTT TAC GAC GAC CAG GTC GGC AAA GTC TCC CTC GTG GGT CCG 
Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 

335 340 345 

CCC ATG AAG TCT CAC CCA GGT GTT ACC CCA GAG TTC ATG GAA GCT CTG 
Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Glu Ala Leu 

350 355 360 

CGC GAT GTC AAC GTG AAC ATC GAA TTG ATT TCC ACC TCT GAG ATC CGC 
Arg Asp Val Asn Val Asn lie Glu Leu He Ser Thr Ser Glu He Arg 

365 370 375 

ATT TCC CTG CTG ATC CGT GAA CAT GAT CTC GAT GCT GCT GCA OCT CCA 
He Ser Val Leu lie Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
380 385 390 400 

CTG CAT GAC CAG TTC CAG CTC CGC GGC GAA GAC GAA GCC GTC GTT TAT 

Leu His Glu Gin Phe Gin Leu Gly Cly Glu Asp Glu Ala Val Val Tyr 

405 410 415 

GCA CCC ACC CGA CGC 
Ala Gly Thr Cly Arg 
420 



CTC CCC CTG CTC CTA CAC AAA TAT CCC CCT TCC TCC CTT GAG ACT CCG 
Val Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 

15 10 15 

GAA CGC ATT AGA AAC CTC CCT CAA CCG ATC GTT GCC ACC AAC AAG GCT 
Glu Arg He Arg Asn Val Ala Glu Arg lie Val Ala Thr Lys Lys Ala 

20 25 30 

CCA AAT AAT CTC CTG CTT CTC TGC TCC CCA ATG GGA GAC ACC ACG GAT 
Gly Asn Asn Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 

GAG CTT CTA GAA CTT GCT GCC CCA CTG AAT CCC GTT CCG CCA GCT CGT 
Clu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

CAA ATG CAT ATG CTC CTG ACT GCT CGT GAG CCT ATT TCT AAC GCT CTC 
Clu Met Asp Met Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 
65 70 75 80 

CTC GCC ATC CCT ATT GAG TCC CTG GGT CCA GAC CCT CAA TCT TTC ACG 
Val Ala Met Ala lie Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

CGT TCT CAG GCT GGT CTG CTC ACC ACC GAG CGT CAC CCA AAC CCA CGC 

Ut4*:<D2\ 
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Gly Ser Gin Ala Gly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg 

100 105 110 

ATT GTT GAT GTC ACT CCA GGT CGT GTG CGT GAA GCA CTC GAT GAG GGC 
He Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

AAG ATC TGC ATT GTT GCT GGT TTC CAG GGT GTC AAT AAG GAA ACC CGC 
Lys He Cys He Val Ala Gly Phe Gin Cly Val Asn Lys Clu Thr Arg 

130 135 140 

GAT GTC ACC ACC TTG GGT CGC GGT GGT TCT GAT ACC ACT CCA GTT GCA 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

TTG GCA GCT GCT CTG AAC GCT GAT GTG TGT GAG ATT TAG TCA GAT GTT 
Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu lie Tyr Ser Asp Val 

165 170 175 

GAC GGC GTG TAC ACC GCT CAC CCG CGC ATC GTT CCT AAT GCT CAG AAG 
Asp Gly Val Tyr Thr Ala Asp Pro Arg lie Val Pro Asn Ala Gin Lys 

175 180 185 

CTG GAA AAG CTC AGC TTC GAA GAA ATG CTG GAA CTT GCT GCT GTT GGC 
Leu Glu Lys Leu Ser Phe Glu Glu Bet Leu Glu Leu Ala Ala Val Gly 
190 195 200 
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TCC AAC ATT TTG CTC aA CGC AGT GTT CAA TAC OCT CCT CCA TTC AAT 
Ser Lys lie Leu Val Leu Arg Ser Val Clu Tyr Ala Arg Ala Phe Asn 

205 210 215 

GTG CCA CTT CGC GTA CGC TCG TCT TAT AGC AAT GAT CCC CGC ACT TTG 
Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 

ATT GCC GGC TCT ATG GAG GAT An CCT GTG GAA CAA GCA GTC CTT ACC 
lie Ala CJy Ser Met Glu Asp lie Pro Val Clu Clu Ala Val Leu Thr 

240 245 250 

CGT GTC GCA ACC GAC A AG TCC GAA GCC AAA GTA ACC GTT CTG CCT ATT 
Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly lie 

255 260 265 

TCC GAT AAG CCA GGC GAG GCT GCG AAC GTT TIC CCT GCC TTG GOT GAT 
Ser Asp Lys Pro Cly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

GCA GAA ATC AAC ATT GAC ATG GTT CTG CAG AAC GTC TCC TCT GTG GAA 
Ala Glu lie Asn lie Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 

GAC GGC ACC ACC GAC ATC ACG TTC ACC TGC CCT CGC TCT GAC GGA CGC 
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Asp Gly Thr Thr Asp lie Thr Phe Thr Cys Pro Arg Ser Asp Cly Arg 
300 305 310 315 

OGT GCC ATG GAG ATC TTG AAG AAG CTT CAG CTT CAG GGC AAC TGG ACC 
Arg Ala Bet Glu lie Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 

320 325 330 

AAT GTG CTT TAC GAC GAC CAG GTC GGC AAA GTC TCC CTC GTG GGT GCC 
Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 

335 340 345 

GGC ATG AAG TCT CAC CCA GGT CTT ACC CCA GAG TTC ATG GAA OCT CTG 
Cly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Glu Ala Leu 

350 355 360 

CGC GAT GTC AAC GTG AAC ATC GAA TTG ATT TCC ACC TCT GAG ATC CGC 
Arg Asp Val Asn Val Asn lie Glu Leu He Ser Thr Ser Glu He Arg 

365 370 375 

ATT TCC GTG CTG ATC CGT GAA GAT GAT CTG CAT GCT CCT GCA CCT GCA 
lie Ser Val Leu lie Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
380 385 390 400 

CTC CAT GAG CAC TTC CAG CTG GGC GGC GAA GAC GAA GCC GTC CTT TAT 
Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 
405 410 415 

[<fc4*©5l UtS%<Dl) 

GCA CGC ACC CCA CGC 
Ala Gly Thr Gly Arg 
420 
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EW** : 1 
E?i|e>&£ : 1263 

®<DtH : -*« 

ffi?iJ©HS8 : Genomic DNA 
tt« : MJ233 

^a^^-Tte^ : peptide 
: 1-1263 

GTG GCC CTG CTC GTA CAG AAA TAT GGC GGT TOC TCG CTT GAG ACT GCC 
Val Ala Uu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 

15 10 15 

CAA CGC ATT AGA AAC CTC OCT GAA CGG ATC GTT GCC ACC AAG AAG GCT 
Glu Arg lie Arg Asn Val Ala Clu Arg lie Val Ala Thr Lys Lys Ala 
20 25 30 
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CCA AM AA7 CTC GTC GTT GTC TCC TCC CCA ATG CCA GAC ACC ACG GAT 

Cly Asn Asn Val Val Val Val Cys Ser Ala Set Cly Asp Thr Thr Asp 

35 40 45 

GAG CTT CTA GAA CTT GCT GCG GCA GTG AAT COC GTT OOG CCA CCT CCT 

Clu Leu Leu Clu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

CAA ATG CAT ATG CTC CTG ACT GCT GCT GAG OCT ATT TCT AAC GCT CTC 

Glu Met Asp Met Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 

65 70 75 80 

GTC GCC ATG GCT ATT GAG TCC CTG GCT CCA GAG GCT CAA TCT TTC ACG 

Val Ala Met Ala He Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

CCT TCT CAG GCT GGT GTG CTC ACC ACC GAG CCT CAC CCA AAC GCA CCC 

Cly Ser Cln Ala Cly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg 

100 105 110 

ATT GTT GAT GTC ACT CCA GGT CCT GTG CCT GAA GCA CTC GAT GAG GGC 

He Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

AAG ATC TGC ATT GTT GCT GGT TTC CAG GGT CTC AAT AAG GAA ACC CGC 
Ut5%<D3] 
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Lys lie Cys He Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 

130 135 140 

GAT GTC ACC ACG TTG GGT CGC GCT GGT TCT CAT ACC ACT CCA GTT GCA 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
M5 150 155 160 

TTG GCA GCT GCT CTG AAC GCT GAT GTG TGT GAG ATT TAC TCA GAT GTT 
Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu lie Tyr Ser Asp Val 

165 170 175 

GAC GGC GTG TAC ACC GCT GAC CCG CGC ATC GTT CCT AAT GCT CAG AAG 
Asp Gly Val Tyr Thr Ala Asp Pro Arg lie Val Pro Asn Ala Gin Lys 

175 180 185 

CTG GAA AAG CTC AGC TTC CAA GAA ATG CTG GAA CTT GCT GCT GTT GGC 
Leu Glu Lys Leu Ser Phe Glu Glu Bet Leu Glu Leu Ala Ala Val Gly 

190 195 200 

TCC AAG AH TTG GTG CTA CGC ACT CTT GAA TAC GCT CGT GCA TTC AAT 
Ser Lys lie Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

CTG CCA CTT CGC CTA CCC TCC TCT TAT AGC AAT GAT CCC GGC ACT TTG 
Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 

UtS*C04) 
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ATT CCC GGC TCT ATG GAG GAT ATT CCT GTG GAA GAA GCA GTC CTT ACC 
lie Ala Gly Ser Met Clu Asp He Pro Val Glu Clu Ala Val Leu Thr 

240 245 250 

CCT GTC GCA ACC GAC AAG TOC GAA GOC AAA GTA ACC GTT CTG GGT ATT 
Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 

255 260 265 

TCC GAT AAG CCA GGC GAG GCT GCG AAG GTT TTC CGT GOG TTG GCT GAT 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

GCA GAA ATC AAC ATT GAC ATG GTT CTC CAG AAC GTC TOC TCT GTG CAA 
Ala Glu He Asn He Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 

GAC GGC ACC ACC GAC ATC ACG TTC ACC TGC CCT CGC TCT CAC GCA CCC 
Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 
300 305 310 315 

CCT GCG ATC GAG ATC TTG AAC AAG CTT CAG GTT CAG GGC AAC TGG ACC 
Arg Ala Net Glu He Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 

320 325 330 

AAT GTG CTT TAC GAC GAC CAG GTC GGC AAA GTC TCC CTC GTG GGT GCG 
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Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Cly Ala 

335 340 345 

GGC ATG AAC TCT CAC CCA GGT GTT ACC GCA GAG TTC ATG CAA CCT CTG 
Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Glu Ala Leu 

350 355 360 

CGC CAT GTC AAC GTC AAC ATC GAA TTG ATT TCC ACC TCT GAG ATC CGC 
Arg Asp Val Asn Val Asn lie Glu Leu lie Ser Thr Ser Glu Ue Arg 

365 370 375 

ATT TCC GTG CTG ATC CGT GAA GAT GAT CTG GAT CCT GCT GCA CCT CCA 
lie Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
380 385 390 400 

CTG CAT CAG CAC TTC CAG CTC CGC GGC CAA GAC GAA GCC GTC GTT TAT 
Leu Bis Glu Gin Phe Gin Leu Gly Gly Clu Asp Clu Ala Val Val Tyr 

405 410 415 

GCA GCC ACC GGA CGC 
Ala Gly Thr Gly Arg 
420 
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